Does non-competitive price setting prevail in Germany's retail gasoline market? We explore this question by examining the influence of the international oil price on the retail gasoline price, focusing specifically on how this influence varies according to the brand and to the degree of competition in the vicinity of the station. Drawing on a geo-referenced dataset of daily gasoline prices from 13,701 German gas stations collected over a year, we estimate a quantile panel regression that reveals heterogeneity in the magnitude of the coefficient estimates over the conditional distribution of the dependent variable. This allows us to directly account for price dispersion in testing whether the price response varies according to the price level. Our analysis identifies several factors other than cost -including the absence of nearby competitors -that play a significant role in mediating the influence of the oil price on the retail gas price, suggesting price setting power among stations.
Introduction
Fluctuations in the gas price pose an ongoing source of consternation among motorists and politicians, one that typically centers around the suspicion that the price is not set competitively, but rather is subject to manipulation on the part of the major fuel brands. Such suspicion has long reigned in Germany, leading the German Cartel Office to undertake a study in 2011 on the setting of retail gasoline prices (Bundeskartellamt, 2011) . The study, which descriptively analyzes data compiled from 407 gas stations located in four major cities between 2007 and 2010, concludes that five brands -BP, Jet (ConocoPhilipps), ExxonMobil, Shell, and Total -exercise marketdominating influence as oligopolists, leading to higher gas prices than would otherwise prevail under perfect competition. This assessment contrasts with that of the International Energy Agency, which in a recent report concludes that "Germany has a largely deregulated and competitive oil market" with "a large number of independents in the refining and retail sectors" (p. 8
IEA, 2012).
The justification for either of these judgments is difficult to establish empirically because it is premised on the relationship between price and marginal cost, which is itself unobservable. The literature on this topic has consequently employed alternative strategies for identifying whether the price-setting behavior of gasoline retailers departs significantly from the perfectly competitive ideal. Studies using time series data have investigated the influence of the oil price on the retail gas price, interpreting differential responses to oil price increases and decreases as evidence for market power or collusion among gas stations (e.g. Borenstein et al., 1997) . Cross-sectional studies have examined the determinants of price-differentials among neighboring stations, focusing on the roles of spatial competition, branding, and other determinants that would be indicative of price setting that is not costbased.
The present paper draws on elements from both of these streams to study retail gasoline price formation in the German market. Our empirical approach is motivated by the premise that a perfectly competitive mar-ket should not be characterized by heterogeneity in the ability of firms to pass on changes in input costs to consumers, holding fixed relevant station characteristics. Among the largest input costs faced by German gasoline retailers is that of Brent oil, comprising over a third of the price of gasoline at the pump. We consequently examine how the retail gas price responds to fluctuations in the Brent oil price and whether this response varies across stations.
To this end we analyze a panel of daily gasoline prices collected over 12 months beginning in 2012 from over 13,000 gas stations in Germany. We employ the quantile panel regression approach proposed by Canay (2011) , which controls for unobserved fixed-effects while revealing how the impacts of the included covariates vary over the conditional distribution of the dependent variable. The model is used to test for five types of heterogeneity in the response to Brent oil price fluctuations according to (1) the level of the retail price, (2) the brand of gasoline, (3) the degree of competition as measured by the number of competing gas stations in the vicinity of the station, (4) the level of market concentration, and (5) the absence of competitors within 10 kilometers of the station. The coefficient estimates suggest statistically significant variation in the influence of the Brent oil price from all of these factors, suggesting deviation from perfectly competitive pricing.
Following a brief review in section 2 that anchors the present study in the related literature, the paper proceeds with a description of the data and the hypotheses to be tested. Section 4 describes the empirical methodology while section 5 discusses the results. The final section concludes the paper.
Related Literature
The literature analyzing the spatial determinants of gas prices and their dispersion goes back several decades, one of the first such studies being that of Livingston and Levitt (1959) , who undertake a survey of stations from six metropolitan areas in the U.S. Midwest to test the assumption of uniform retail prices among the major brands. They conclude that there is more variation in retail gas prices than is frequently assumed, even among sta-tions situated in the same neighborhood. Several subsequent studies have also found evidence for non-competitive pricing behavior. Shepard (1993) , for example, finds substantial price differentials among stations in eastern Massachusetts, leading her to conclude that stations exercise sufficient local market power to price discriminate. Borenstein (1991) , who studies differences in retail margins between leaded and unleaded gasoline, reaches a similar conclusion, noting that gasoline stations exercise some local market power and can price discriminate against consumers who are less likely to switch stations. Eckert and West (2004) study price uniformity using spatial data from Vancouver BC; their investigation of whether retailers match the mode price uncovers several statistically significant variables -including brand effects and local market structure -that are contrary to the competitive model.
The latter study is among a pool of more recent investigations that have drawn on the increased availability of station-level geo-referenced data to detect non-competitive price setting. These studies have yielded somewhat mixed results on the question of spatial competition, particularly as measured by the density of nearby competing stations. Ning and Haining (2003) and Van Meerbeeck (2003) study retail gasoline price formation using data from England and Belgium, respectively. Although the former study identifies statistically significant effects of several neighborhood characteristics, a variable measuring the number of stations included within a 2.5 km buffer of the station is not among these. Van Meerbeeck (2003) similarly finds that the number of local competitors has a negligible influence on the retail price.
By contrast, Barron et al. (2004) find that higher station density is associated with lower prices and a lower level of price dispersion in four metropolitan areas in the U.S. Clemenz and Gugler (2006) also find evidence for a negative association between station density and retail fuel prices with data from Austria. In another study from Austria of independent retailers, Pennerstorfer (2009) finds more ambiguous results: while the presence of independent retailers lowers prices, they simultaneously reduce price competition among major brands.
The present study contributes to the above line of inquiry with an analysis that investigates how spatial competition mediates the relationship between the price of Brent oil and that of gasoline. We infer deviations from perfect competition by empirically testing for differential effects of the Brent oil price according to the brand of gasoline and the degree of competition in the vicinity of the station. Our identification strategy is predicated on the idea that under perfect competition, gas stations with similar characteristics react uniformly to cost shocks. Identifying deviations from a uniform price response thus depends crucially on controlling for potential sources of cost variation.
We avail a rich data set comprising an unbalanced panel of stations over 382 days that covers virtually the entire German retail market for gasoline. This data structure allows us to specify fixed effects at the level of the station, thereby holding constant unobservable cost elements and features of the market environment whose omission could otherwise bias the results. By employing a quantile panel estimator, we are additionally able to explore whether the influence of the explanatory variables varies across the conditional distribution of the response, thereby simultaneously accounting for both the price level and its dispersion.
Data and model specification
The data for this study was obtained from the site www.clevertanken.de.
Upon entering a zip code, users of the site receive a listing of fuel prices at local gas stations. These prices, which are frequently if irregularly updated depending on the demand at the station, are entered to the site via mobile apps from motorists. For a period of about one year, from January 24, 2012 to February 8, 2013, we ran an automated program that continuously retrieved entries on the site and stored these on a server. To construct the dependent variable, we calculated an average gas price by station and day, which resulted in a collection of 2,245,067 observations from 13,701 German gas stations, representing approximately 95% of all stations.
The data posted by Clevertanken is not geo-referenced but does contain Kilometers each station's brand name, street addresses and zip code. We uploaded the addresses in batches to Google Maps to obtain the geo-coordinates of each station, which were then digitized using a Geographic Information System (GIS) displayed in Figure 1 . Note that the map, and the analysis that follows, excludes the roughly 300 filling stations located along the Autobahn (highway) as these operate within a distinctly different competitive environment.
As a main aim of the analysis is to study how gas prices react to changes in the international oil price, we include in the specification a variable measuring the previous day's closing spot price for Brent oil, a time series for which was obtained from the US EIA and merged with the data. A plot of the Brent price is presented in Figure 2 along with a plot of the average daily The inclusion of these two variables follows closely the specification of Clemenz and Gugler (2006) in their study of the Austrian gas station market. As these authors note, the expected sign of the Herfindahl is positive owing to higher market concentration allowing for higher price setting power, while that of the count of competitor stations is ambiguous. One reason for this ambiguity is the possibility -discussed at length in the study of the German Cartel Office -that stations in close proximity coordinate rather than compete with one another in price setting. Given that coordination prevails, we would expect a higher density of stations to be associated with a higher pass-through of the Brent price to the retail price. Of course, the feasibility of coordination will also depend on the size of the region under question. Whether a 5 kilometer buffer is appropriate for capturing such spatial effects -be these of coordination or competitionis ultimately an empirical question. Too large a buffer will tend to dilute effects, while too small a buffer may fail to adequately capture the spatial gradient. Indeed, differences in defining the extent of the neighborhood may be one source of the differing results with respect to the question of station density documented in the literature review. 1 We consequently undertake robustness checks using two alternative buffers with radii of 3 and 7 kilometers.
Completing the specification are dummy variables for all weekdays (with Sunday as the excluded category) and for major holidays over the course of the year to control for temporal fluctuations in fuel demand. A dummy is also included for the day preceding each holiday to capture the possibility -commonly lodged in media reports -that gas stations price gouge in anticipation of high demand on these days.
Method
Our point of departure in estimating the determinants of daily retail gasoline prices is a fixed-effects model, with the fixed effects specified at the level of the gas station. One potentially restrictive feature of the fixed-effect estimator is its focus on the conditional expectation function, which precludes the ability to estimate differential effects of an explanatory variable at different points in the conditional distribution of the dependent variable. The quantile regression estimator, introduced by Koenker and Bassett (1978) , avoids this restriction by allowing estimation of the impact of a regressor at any point in the conditional distribution of the response, not just the conditional mean. In the context of the retail gas market, this flexibility affords a way to explore the implications of price dispersion for the determinants of price setting. Specifically, the estimates reveal the extent to which the magnitude of the coefficients depends on the price level.
Following the introduction of Koenker and Hallock (2001) , the starting point for quantile regression are the unconditional quantiles, obtained by minimizing the sum of asymmetrically weighted residuals with an accordingly chosen constant b:
The weighing scheme ρ τ (·) is the absolute value function that takes on different slopes depending on the sign of the residuals and the quantile of interest.
Moving from the unconditional to the conditional quantiles is achieved by substituting the b by the parametric function b(x it , β) and minimizing the following equation using linear optimization:
with the vector x containing the control variables while β is the corresponding parameter vector. The solution to this minimization problem yields estimates of the impact of the controls at any point in the conditional distribution of the response.
To additionally control for time-invariant unobserved heterogeneity, we apply a two-step technique suggested by Canay (2011) . Assuming that the fixed effect is a pure location shifter, i.e. it only affects the location but not the shape of the conditional distribution of the response, the fixed effect is constant. Therefore, it is possible to apply the standard within estimator
where ǫ it indicates an error term, while u i is the unobserved fixed effect and
Subtracting the estimated fixed effect from the response variablê
yields a dependent variable free of the influence of unobserved heterogeneity.
The quantile regression estimator introduced by Koenker and Bassett (1978) can then be applied using the transformed dependent variable in the second step to obtain estimates free of the influence of unobserved, time-invariant heterogeneity. One prerequisite is that there are sufficient observations for each individual to estimate the fixed effect with meaningful precision. With an average of about 166 observations for each gas station, this prerequisite is fulfilled.
A final estimation issue arising from the inclusion of fixed-effects is the fact that our measures of spatial competition and the brand dummies exhibit no temporal variation. To identify these variables, we interact them with the time-varying measure of the Brent oil price. The corresponding coefficients are thus interpreted in terms of how the static variables and the Brent price mediate one another in their influence on the retail gas price.
Results
We begin our discussion of the results with the estimates from a standard fixed effects (FE) model, presented in the first column of An alternative explanation, and one consistent with the theory of spatial competition, is that stations surrounded by many competitors set the price closer to their marginal cost and thus have less leeway in absorbing increases in their input costs. To further explore this latter possibility, we estimated a random effects (RE) model, which allows identification of the direct effect of the time invariant variables subject to the assumption that they are not correlated with the fixed effects. As presented in Table 7 in the Appendix, the RE model indicates that the relationship between competition density and the price is negative, corroborating similar findings from Clemenz and
Gugler (2006) The effect of the spatial isolation dummy is more pronounced; stations buffeted by a 10 kilometer radius free of competition pass on nearly 4.247 cents more evaluated at the mean of the Brent price.
The remaining control variables for weekdays and holidays are likewise statistically significant but have varying signs. Notwithstanding media allegations that stations price gouge on holidays, the pattern of estimates in the table paints a more complicated picture. For starters, the dummy indicating the day before a holiday has a negative coefficient, indicating a price drop of almost a third of a cent on a day when gas demand is thought to be high.
The pattern on the holidays themselves is generally more consistent with a demand side interpretation, with higher gasoline prices in warm weather months and lower prices in the colder months. On Christmas, for example, when the roads are relatively empty in Germany, the gas price is roughly middle. The plot of all the brands follows a similar pattern characterized by substantial heterogeneity in the effect of the Brent price according to the level of the gas price. The strength of this effect declines by about 9% from the 20th to the 60th quantile, followed by an increase of about 25% from the 60th to the 90th quantile. Overall, the figure reveals that relatively low and high priced gas stations pass on more of the increase in Brent prices than those in the mid-range.
The estimates for the spatial competition variables also exhibit heterogeneity over the quantiles of the dependent variable, albeit subject to different patterns. As to the question of whether the results are sensitive to the size of the buffer used to construct the spatial variables, Tables 8 and 9 in the Appendix present models with variables calculated from 3 and 7 kilometer buffers. The differences in the estimates across these two scales are negligible.
Conclusion
Using a panel of daily price data collected over a year from 2012 to 2013, this paper has investigated the influence of the Brent oil price on the gasoline price in the German retail market. We were particularly interested in detecting deviations from cost-based pricing, identified by differential effects of the Brent oil price across stations. Our results show that the effect of this price varies by the brand, with Total and Shell having the highest pass through of Brent price increases and Aral and the non-majors having the lowest. Moreover, the influence of the Brent price on the gas price is stronger as the degree of local competition increases, measured by variation in market concentration, the density of competing stations, and spatial isolation from competing stations.
Another key finding of our analysis is that there is significant heterogeneity in the coefficients across the conditional distribution of the gasoline price -a fact that is otherwise obscured when relying on mean regression. For example, the mean regression fixed effects model estimated that the average cost pass-through from variations in the oil price is close to one, while results from quantile panel regression indicate that, depending on the percentile of interest, this pass-through may be substantially higher or lower, varying by upwards of 25%. Across all brands, the pattern of heterogeneity suggests that stations with relatively high and relatively low gas prices pass on more the the Brent price than those at the median. Do these findings undermine the proposition that the German retail gas market is competitive? Our verdict falls somewhere between the optimistic outlook of the IEA report and the pessimistic tenor of the report from the German Cartel Office along with the public discussion that followed its release. Reacting to the report, the German economics minister at the time, Philipp Roesler, broached the idea of limiting stations to a single price increase per day, following rules introduced in Austria. Although our results clearly indicate that price setting at gas stations deviates from what would be expected under perfect competition, the magnitude of this deviation does not appear to warrant such a drastic restriction on price setting flexibility.
Nevertheless, competition authorities would be well advised to vigilantly scrutinize merger applications given our finding that the market landscape is already subject to some degree of local dominance. are uncorrelated with the regressors, the coefficients on the interaction terms of the RE model presented above are nevertheless of a similar magnitude as the FE coefficients presented in Table 2 . The RE model additionally shows the estimates for the time-invariant spatial variables, whose interpretation is contingent on the interaction effects. For example, evaluated at the mean of the Brent price, a one unit increase in the Herfindahl index increases the gas price by 0.46 cents. 
